A unique device for separating oil from oil-contaminated seawater by the magnetohydrodynamics (MHID) method, so-called the MIID separation device, is improved on the basis of the results of observation of the inside of MHD separation cells. The MHID method is based on the difference in electric conductivity between seawater and oil; the separation force applied to oil as a reaction of the electromagnetic force is used for oil separation. The performance of the improved device with a mixture of artificial seawater and simulation particles instead of oil droplets is tested using a 10-T class superconducting magnet. The results show perfect separation at a magnetic field of 5 T 10.1 A or higher.
Introduction
Recently, leakage of heavy oil and crude oil due to collision and stranding of oil tankers has become a serious problem. As the marine environment has been seriously affected by such oil leakage, a method of rapidly separating oil from oil-contaminated seawater is desired [1] . A new method of oil separation based on electromagnetic force, the so-called magnetohydrodynamics (MHID) method, has been designed and tested [2, 3] ; the MIID method of oil separation utilizes a high magnetic field from a superconducting magnet and an electric current passed through seawater. In comparison with the conventional method that uses magnetic powders, the MHD method has the advantages of facilitating treatment of separated oil and of having little effect on the environment.
In a previous experiment [2] using simulation particles which have specific gravity similar to oil and very low electric conductivity instead of oil droplets mixed with artificial seawater, a high separation ratio (0.9) was obtained when the magnetic field was 10 T and the electric current was 0.4 A. However, the separation ratio was still smaller than the theoretical value (1: perfect separation). It was also reported that there are problems of the occurrence of vortexes and blockage of particle clusters inside the MF ID separation cell. The purpose of the present work is to clarify the cause of the problems by observing the inside of the MfID separation cell using a high-speed video camera. In addition, the MT-ID separation device is improved on the basis of the observation results, and the performance of the improved device is tested. Figure 1 shows the principle of the MHID method of separating oil from oil-contaminated seawater based on electromagnetic force. In this method, oil droplets mixed with seawater are assumed to be spherical particles with insulation. When a magnetic field B from a superconducting magnet is applied in the direction (U direction) of seawater flow, the electric current I is generated perpendicular to the magnetic field using electrodes (width W and length L).
Principle of NIHID Separation Method
Then, seawater is subjected to the electromagnetic force FMHD in the direction shown in Fig. 1 . In contrast, the mm) and larger than that of the previous electrodes [2] . As the effective cross-sectional area of the improved device against electromagnetic force increases in comparison with that of the previous device, vortexes hardly occur in the improved device due to the low pressure difference. The width of electrodes is 17 mm and the distance between electrodes is 16 mm; these values are less than that of the separation cells for observation, and depend on the thickness of PVC required to strengthen the cells. Figure 5 shows the schematic diagram of the experimental MFID separation setup. Figures 6 and 7 show photographs of the experimental apparatus. The experimental apparatus consists of the Mt-ID separation device, the split-type superconducting magnet in the cryostat, a seawater tank, a drain tank, a seawater and particle tank, and flow lines.
Experiment of Separation and Recovery
At the start of the experiment procedure, the sample solution was made to flow through the separation device at a rate of approximately 1.5 L/min. Next, a mixture of the sample solution and simulation particles (mixing ratio 10:1) in the tank was infused into the separation device. When the electric current was varied from 0 to 0.5 A at the magnetic field B of up to 10 T, the amount of outflowing mixture was measured on both sides A and B; the separation ratio Se defined by Se= MA/MA + MB (1) was analyzed carefully. Here, MA is the mass of simulation particles in outflowing mixture on side A and MB is the mass of simulation particles in the outflowing mixture on side B. in our previous experiment [2] . As shown in this figure, the separation ratio reached approximately 1 when the electric current was 0.2 A; this separation ratio was larger than the previous values (0.9). This is explained as an effect of the large effective length of the electrodes. In contrast at an electric current of 0.4 A or higher, the separation ratio decreased to almost zero. This is believed to be caused by the blockage of the particle clusters as affected by the bubbles.
The results for an upward electric current are shown in Figure 9 . In this case, the separation ratio reached 1, which means perfect separation, when the electric current was 0.1 A or higher. It follows that the formation of particle clusters was suppressed by the nonadhesion between the particles and the bubbles generated on the cathode. For an upward electric current, perfect separation was obtained even at a magnetic field of 5 T, when the electric current was varied from 0.1 A to 0.4 A (Figure 10 ). The effects of a large effective length of electrodes and an upward electric current on the separation ratio were confirmed.
The separation ratio of oil was closely related with various physical quantities: seawater velocity, magnetic field, electric current density and so on [2] . A percentage and viscosity of oil must be also discussed adequately. A 
